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THE USE OF LIQUID CHROMATOGRAPHY METHOD FOR QUANTITATIVE
DETERMINATION OF ACTIVE SUBSTANCES IN ENALAPRIL-H TABLETS

Nataliia Bevz, Artem Myhal, Liudas Ivanauskas, Olga Gorokhova, Vasyl Grynenko,
Iryna Zhuravel

The aim. Combination therapy is used to treat hypertension. Strengthening the action of the ACE inhibitor enalapril is
carried out in combination with the thiazide diuretic hydrochlorothiazide. On the pharmaceutical market, such com-
bined preparations are presented by different manufacturers in various concentrations of the active ingredients of enal-
april maleate and hydrochlorothiazide. Development of methods for the quantitative determination of active substances
in combined drugs by liquid chromatography is topical.

Materials and methods. Shimadzu Nexera X2 LC-30AD liquid chromatograph equipped with DAD SPD-M20A diode
array detector, SIL-30AC autosampler and CTO-20AC column thermostat; analytical balance — UniBloc AUW120D;
pH meter — Knick type 911pH; chromatographic column ACE C18, size 250 mm x 4.6 mm, packed with octadecylsilyl
silica gel for chromatography with a particle size of 5 um.

Results. Based on the results of the work, a method for the quantitative determination of enalapril and hydrochlorothia-
zide in the presence of HPLC was proposed. The obtained validation characteristics indicate that the method for the
quantitative determination of hydrochlorothiazide in Enalapril-H tablets corresponds to the following parameters:
correctness, precision, linearity (A,=0.70<max A, =1.60, 6=0.22<max 6=0.51, a=0.71<max, a=2.60, r=0.9997>min
r=0.9981). In the quantitative determination of enalapril maleate in combined tablets, it was found that correctness,
precision, linearity are performed (4,=1.21<max 4,=1.60, 5=0.24<max 6=0.51, a=1.35<max a=2.60, r=0.9991>min
r=0.9981).

Conclusions. The method of quantitative chromatographic determination of enalapril maleate and hydrochlorothiazide
in an antihypertensive combination drug has been improved. The proposed parameters of the chromatographic separa-
tion of the mixture in comparison with the initial ones contribute to a decrease in the costs of monitoring, a decrease in
the volume of harmful emissions and cause an extension of the life of the chromatographic column
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1. Introduction

Treatment of hypertension to date, according to
protocols approved by the Ministry of Health of Ukraine,
is the first line drugs, which include thiazide (thiazide-
like) diuretics; calcium channel antagonists (CCB); angi-
otensin-converting enzyme inhibitors (ACEIl); angioten-
sin receptor antagonists and B-adrenoceptor blockers [1].
To achieve a greater pharmacological effect in the treat-
ment of hypertension, combination therapy with two or
more ACEI drugs is used [2, 3].

One of the most common combinations of anti-
hypertensive drugs is a combination of ACEI and thia-
zide diuretics (most often enalapril and hydrochlorothi-
azide) [4, 5]. Such therapy is well tolerated by patients,
allows to influence systolic and diastolic pressure. First
of all, a clear therapeutic effect is due to the peculiari-
ties of each of the combination drugs: enalapril blocks
the conversion of angiotensin | to angiotensin 1l, which
leads to inhibition of renin-angiotensin system activity,
decreases noradrenaline release, increases the formation
of bradykinin (sodium retention decreases) [6]. The
combination of enalapril with hydrochlorothiazide en-

hances the hypotensive effect due to the synergism of
the two drugs: the diuretic lowers blood pressure, while
increasing the level of renin, which, in turn, is acted by
ACEI, which has an antihypertensive effect by the
above mechanisms [7, 8].

The market of combination drugs in Ukraine for
the treatment of hypertension is represented by drugs in
the form of tablets, which include enalapril maleate and
hydrochlorothiazide in different concentrations of active
substances (10 mg/12.5 mg or 10 mg/25 mg, or 20 mg/25
mg) and manufactured by different manufacturers (Enal-
april-H-Health, Enalapril-HL-Health, Enalapril N-Teva,
Enalapril/Hydrochlorothiazide KRKA, Enalapril N-
Pharmex, etc.) [9, 10].

Liquid chromatography is widely used to stand-
ardize drugs. Quantitative determination of hydrochoro-
thiazide or enalapril maleate in tablets according to the
requirements of the US Pharmacopoeia (USP) is per-
formed by HPLC [11, 12].

The aim of the study. The aim of the study was to
determine the quantitative content of enalapril maleate
and hydrochlorothiazide in combined tablets by liquid
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chromatography with the subsequent implementation of
the proposed method for creating a monograph of the
State Pharmacopoeia of Ukraine (SPhU).

2. Planning (methodology) of research

Widespread use of the combined dosage form, which
contains as an API enalapril maleate and hydrochlorothiazide,
led researchers to develop methods for quantitative evaluation
of active substances. For these purposes, instrumental meth-
ods are used, in particular spectrophotometry in the UV re-
gion and liquid chromatography, based on the determination
of one component of enalapril maleate, taking into account
the influence of another — hydrochlorothiazide [13].

To solve this goal it was necessary to study the
existing methods of chromatographic separation of enal-
april maleate and hydrochlorothiazide [14]. The methods
described in the literature allow to determine a mixture of
enalapril maleate and hydrochlorothiazide in one sample
using one column [15] or to perform the determination in
two stages using different parameters of the chromato-
graphic system [16, 17].

One of the areas of standardization of multicom-
ponent drugs is the transfer of quality control techniques

from monographs that are included in current editions of
the United States Pharmacopoeia (USP) or the British
Pharmacopoeia (BP) [11, 18].

Transfer of the method of quantitative determi-
nation of enalapril maleate and hydrochlorothiazide in
tablets of combined action, which is described in the
US Pharmacopoeia, requires confirmation of the cor-
rectness of the method [11] and the planning of exper-
imental studies (Fig. 1). To adapt the method to mod-
ern conditions of analysis and complete chromato-
graphic separation of mixtures, it was necessary to
address the following issues: to carry out the method
of quantification in one or different batches, use one
or different chromatographic columns, different ratios
and flow rates of mobile phases, different wave-
lengths of detection, the temperature regime of the
column, the particle size of the sorbent of the column,
etc. (Fig. 2).

Determination of two or more active substances
by liquid chromatography with minor changes requires
verification of the method, significant changes in the
method of analysis lead to the study of validation charac-
teristics in full (Fig. 1).

Correct chromatographic separation

yes

no

analytical procedure does not require
changes in chromatographic separation
conditions (or changes not beyond the limits
allowed by SPhU, 2.2.46)

non-critical
parameters:

— column

temperature;
— injection volume

verification

analytical methods require changes in the
conditions of chromatographic separation

critical parameters:

— type of stationary phase;
— mobile phase and elution
mode;

— detection

validation

Fig. 1. Planning of experimental researches
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Assessment of AM (presented in leading pharmacopoeias, literature sources),
determination of critical parameters in the development of AM for combined drugs
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Fig. 2. Stages of the experiment

3. Materials and methods

The test used a liquid chromatograph — Shimadzu
Nexera X2 LC-30AD, equipped with a diode-matrix
detector DAD SPD-M20A, autosampler SIL-30AC and
column thermostat CTO-20AC (Shimadzu corp., Japan);
analytical scales — UniBloc AUW120D (Shimadzu corp.,
Japan); pH meter — Knick type 911pH (Knick El-
ektronische Messgerite GmbH & Co. KG, Germany);
column chromatographic ACE C18 size 250 mmx4.6 mm,
filled with silica gel octadecylsilyl for chromatography P
with a particle size of 5 um (Advanced Chromatography
Technologies Ltd., UK).

Potassium dihydrogen phosphate R, phosphoric
acid R, methanol R, acetonitrile for chromatography R
produced by Sigma-Aldrich were used in the studies. Hy-
drochlorothiazide (certificate of analysis No. 582, Chang-
zhou Pharmaceutical Co. Ltd.) and enalapril maleate (se-
ries 3011-1111-236) were used as standard samples.

To test the proposed methods for determining the
active substances of hydrochlorothiazide and enalapril
maleate in the combined drug used commercial batches
of the drug presented on the pharmaceutical market of
Ukraine, which were purchased at the pharmacy.

Research methods

Hydrochlorothiazide. The determination is per-
formed by liquid chromatography (SPhU / EP, 2.2.29,
current edition).

Buffer solution. 0.136 g of potassium dihydrogen
phosphate R is dissolved in 800 ml of water R, the pH of
the solution is adjusted to 2.0+0.05 with phosphoric acid
R, the volume of the solution is adjusted to the mark with
water R.

Test solution. About 0.11 g of tablet powder
(equivalent to 5 mg of hydrochlorothiazide), placed in a

volumetric flask with a capacity of 50 ml, add 12.5 ml of
buffer solution, sonicated for 15 minutes, add 12.5 ml of
methanol R, sonicated for 15 minutes, add 12.5 ml of
methanol R, sonicated for 15 minutes. The volume of the
solution is adjusted to the mark with a buffer solution.
Mix thoroughly and filter through a filter with a pore
diameter of not more than 0.45 pum.

Comparison solution. 50 mg of WS or RS hydro-
chlorothiazide is placed in a volumetric flask with a ca-
pacity of 500.0 ml, add 125 ml of buffer solution, soni-
cated for 15 minutes, add 125 ml of methanol R, sonicat-
ed for 15 minutes. The volume of the solution is adjusted
to the mark with a buffer solution. Mix thoroughly and
filter through a filter with a pore diameter of not more
than 0.22 pum (final concentration 0.1 mg/ml).

The determination is performed on a liquid chro-
matograph with a diode-matrix detector under the follow-
ing conditions:

— column chromatographic size 250 mmx4.6 mm,
filled with silica gel octadecylsilyl for chromatography R
with a particle size of 5 um (for example, ACE C18, or
similar, for which the suitability of the chromatographic
system);

— mobile phase: acetonitrile for chromatography R
- buffer solution (10:90);

— flow rate — 1.2 ml/min;

— column temperature: 30 °C

— detection at wavelengths of 310 nm;

— chromatography time: 15 minutes.

Chromatograph 50 pl of reference solution.

The chromatographic system is considered suita-

ble if:
— the efficiency of the column, calculated from the
peak of hydrochlorothiazide obtained on the chromato-
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gram of the reference solution, is not less than 1000 theo-
retical plates;

—the coefficient of symmetry of the peak of hy-
drochlorothiside obtained on the chromatogram of the
reference solution is not less than 2.0 (Table 1);

—the relative standard deviation calculated from
the areas of the hydrochlorothiazide peaks obtained from
the reference solution for 2 parallel injections should not
exceed 0.25 %; for 3 — not more than 0.67 %,; for 4 — not
more than 0.96 %; for 5 — no more than 1.19 %; for 6 —
no more than 1.38 %.

Chromatograph 50 pl of the test solution.

Table 1
Release order and relative retention times of peaks
for Hydroclorotiazide determination

Release Relative retention
Analyte .
order times
1 Maleate about 0.22
2 Enalapril about 0.3
3 Hydrochlorothiazide 1

The content of hydrochlorothiazide, in milligrams,
is calculated by the formula:

_§-m,-P-50.0-m,,

' S,-m -100-500.0 '

where: S; — the average value of the areas of the peaks of
hydrochlorothiazide, calculated from the chromatograms
of the test solution; Sq — the average area of the hydro-
chlorothiazide peaks calculated from the chromatograms
of the reference solution; m; — weight of an aliquot of
powder tablets, in milligrams; mg —weight of an aliquot
of RS or WS hydrochlorothiazide, in milligrams; P — the
content of active substance in RS or WS hydrochlorothi-
azide, in percent; M,, — average tablet weight, in milli-
grams, determination is performed according to SPhU /
EP, 2.9.5, current edition.

The content of hydrochlorothiazide (C;HsCiN3O,S,)
in terms of average tablet weight should be from 11.875 mg
t0 13.125 mg.

Enalapril maleate. The determination is carried
out by liquid chromatography (SPhU/EP, 2.2.29, current
edition).

The buffer solution is prepared as described in
“Hydrochlorothiazide”.

Test solution. About 0.220 g of tablet powder
(equivalent to 10 mg of enalapril maleate) is placed in a
50.0 ml volumetric flask, 12.5 ml of buffer solution are
added, sonicated for 15 minutes, 12.5 ml of methanol R
are added, sonicated for 15 minutes. The volume of the
solution is adjusted to the mark with a buffer solution.
Mix thoroughly and filter through a filter with a pore
diameter of not more than 0.45 pm.

Comparison solution. 50 mg of WS or RS enalap-
ril maleate is placed in a volumetric flask with a capacity
of 250.0 ml, add 62.5 ml of buffer solution, sonicate for
15 minutes, add 62.5 ml of methanol R, sonicate for
15 minutes The volume of the solution is adjusted to the
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mark with a buffer solution. Mix thoroughly and filter
through a filter with a pore diameter of not more than
0.45 pm (final concentration 0.2 mg/ml).

The determination is performed on a liquid chro-
matograph with a diode-matrix detector under the follow-
ing conditions:

— column chromatographic size 250 mmx4.6 mm,
filled with silica gel octadecylsilyl for chromatography R
with a particle size of 5 um (for example, ACE C18, or
similar, for which the suitability of the chromatographic
system);

—mobile phase: acetonitrile for chromatography R —
buffer solution (40: 60);

— flow rate — 1.5 ml/min;

— column temperature: 50 °C;

— detection at a wavelength of 215 nm;

— chromatography time: 10 minutes.

Chromatograph 50 pl of reference solution.

The chromatographic system is considered suita-
ble if:

— the efficiency of the column, calculated for the
peak of enalapril obtained on the chromatogram of the
reference solution, is not less than 700 theoretical plates;

—the symmetry coefficient of the peak enalapril
obtained on the chromatogram of the reference solution
is not less than 3.5 (Tab. 2);

—the relative standard deviation calculated from
the areas of enalapril peaks obtained from the reference
solution for 2 parallel injections should not exceed 0.25 %;
for 3 — not more than 0.67 %; for 4 — not more than 0.96 %;
for 5 —no more than 1.19 %; for 6 — no more than 1.38 %.

Chromatograph 50 pl of the test solution.

Table 2
Release order and relative retention times of peaks
for Enalapril determination

Release Analyte Relativg retention
order times
1 Maleate about 0.57
2 Hydrochlorothiazide about 0.75
3 Enalapril 1

The content of enalapril maleate, in milligrams, is
calculated by the formula:

w _Si'My-P-50.0-m,,

' S,-m,-100-250.0 '

where S; — the average value of the peak areas of enalap-
ril, calculated from the chromatograms of the test solu-
tion; Sy — the average value of the peak areas of enalap-
ril, calculated from the chromatograms of the reference
solution; m; — weight of an aliquot of powder tablets, in
milligrams; m, — weight of a aliquot of RS or WS enalap-
ril maleate, in milligrams; P — the content of active sub-
stance in RS or WS enalapril maleate, in percent;
M, — average weight of tablets, in milligrams, determi-
nation is carried out according to SPhU/EP, 2.9.5, current
edition.
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The content of enalapril maleate (C,4H3,N,Qy) in
terms of the average weight of the tablet should be from
4.75 mg to 5.25 mg.

The following solutions were additionally pre-
pared for validation/verification of analytical methods:

Control solution: place 12.5 ml of methanol R in a
50.0 ml volumetric flask and make up to the mark with
buffer solution.

Model solutions (hydrochlorothiazide). Place
20 mg of RS or WS hydrochlorothiazide in a 50.0 ml
volumetric flask, add 12.5 ml of buffer solution and soni-
cate for 15 minutes, add 12.5 ml of methanol R and keep
in an ultrasonic bath for 15 minutes. The volume of the
solution is adjusted to the mark with a buffer solution.

Place the volume of the aliquot of the resulting solution
shown in Tab. 1 in a 20.0 ml volumetric flask and make
up to the mark with buffer solution.

Model solutions (enalapril maleate). Place 40 mg
of RS or WS enalapril maleate in a 50.0 ml volumetric
flask, add 12.5 ml of buffer solution and sonicate for
15 minutes, add 12.5 ml of methanol R and keep in an
ultrasonic bath for 15 minutes. The volume of the solu-
tion is adjusted to the mark with a buffer solution. The
volume of the aliquot of the resulting solution shown in
Table 3 is placed in a 20.0 ml volumetric flask and made
up to the mark with buffer solution. Appropriate 100 %
model solutions were used as reference solutions.

Table 3
Calculation of dilutions to determine linearity

Model solution Concentration level An aliquot Concentration, mg/ml | - Concentration, _mg_/ml

Enalapril maleate Hydrochlorothiazide
L1 80 % 4.00 ml 0.16 0.080
L2 85 % 4.25 ml 0.17 0.085
L3 90 % 4.50 ml 0.18 0.090
L4 95 % 4.75 ml 0.19 0.095
L5 100 % 5.00 ml 0.20 0.100
L6 105 % 5.25 ml 0.21 0.105
L7 110 % 5.50 ml 0.22 0.110
L8 115% 5.75 ml 0.23 0.115
L9 120 % 6.00 ml 0.24 0.120
RS 100 % 5.00 ml 0.20 0.100

Aliquot, g 0.04000 0.02001

4. Research results

For the quantification of enalapril maleate in the
combined medicinal product in the presence of hydro-
chlorothiazide in combination with the method, the
method of chromatographic separation was chosen, name-
ly liquid chromatography with spectrophotometric detec-
tion (SPhU/EP, 2.2.29, current edition), which has the
ability to separate the retention time of the target peak of
enalapril from interfering peaks of substances [18].

The method of determination of enalapril maleate
and hydrochlorothiazide in the combined medicinal
product according to the monograph USP 39 “Enalapril
maleate and Hydrochlorothiazide Tablets” was taken as a
basis, according to which the tests were done at wave-
lengths of 210 nm (for enalapril maleate) and 310 nm
(for hydrochlorothiazide).

The procedure regulates the chromatographic sep-
aration of enalapril maleate on the sorbent at a tempera-
ture of 65 °C, but the limiting parameters of the chroma-
tographic column are not more than 60 °C. The use of a
chromatographic column above the requirements of the
operating parameters leads to the cleavage of the grafted
stationary phase, the loss of the resolution of the chroma-
tographic column, which will indicate the failure of the
column. In order to extend the service life of the column,
the temperature of the thermostat was reduced to 50 °C.

SPhU/EP, 2.2.46, the current edition, allows mi-
nor changes in the parameters of the method to achieve
the suitability of the chromatographic system, but the
proposed changes go beyond the permitted limits. Since

changes in temperature are uncritical, it is sufficient to
verify the method.

Determination of hydrochlorothiazide in a combi-
nation drug in the combined presence of enalapril male-
ate was based on the method presented in the monograph
USP 39 “Enalapril maleate and Hydrochlorothiazide
Tablets”, with a number of modifications. In order to
unify the conditions for the determination of hydrochlo-
rothiazide, a chromatographic column with similar char-
acteristics as for the determination of enalapril maleate
was selected.

Reducing the flow of the mobile phase compared
to the original method from 2.5 ml/min to 1.2 ml/min
leads to a decrease in pressure in the system and, thus, to
a reduction of the damaging effect on the stationary
phase.

Along with the extension of the service life of the
chromatographic column while maintaining the efficien-
cy of the chromatographic system and the appropriate
parameters of the chromatographic separation. The pro-
posed changes can help reduce the cost of control, reduce
emissions by lower costs of mobile phases.

The change in temperature during the transfer of
the existing method requires verification of the method
of quantitative determination of enalapril maleate in the
combined drug in the joint presence of the target analysis
with hydrochlorothiazide and the study of the following
parameters; suitability of the chromatographic system;
specificity; linearity in the range of application of the
technique; correctness and precision.
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The total uncertainty of the method was evaluated
in accordance with the requirements of SPhU [20] and
found that the uncertainty of the method is 0.49 % and is
insignificant because the inequality is maintained:
0.49 % < maxAas = 0.51 %. It was found that the suitability
of the chromatographic system is maintained (Table. 4).

To confirm the specificity of the analytical meth-
od, the absence of interfering peaks was determined on
the chromatograms of the control solution, the compari-
son solution of hydrochlorothiazide and the test solution,

the retention times of which coincide with the retention
times of the main peak of enalapril (Fig. 3-6).

To assess the linearity, the model solutions L1-L9
(Table 3) were analyzed in the chromatographic condi-
tions specified by the method. At least two parallel
chromatograms were obtained for each solution, and the
average value of the peak areas was calculated to evalu-
ate the results. Evaluation of linearity parameters was
performed in normalized coordinates in accordance with
the requirements of SPhU (Table 5, Fig. 7).

Table 4
Suitability of the chromatographic system for enalapril determination method
Parameter Result Criterion Conclusions
Column efficiency 1725 Not less than 700 t. p. Corresponds
Symmetry of enalapril peak 1.27 No more than 3.5 Corresponds
RSD, % 0.13 for 3 —no more than 0.67 % Corresponds
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Fig. 6. Chromatogram of the test solution
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determination of enalapril maleate

Table 5

The results of determining the parameters of linearity, correctness and convergence of the analytical method for the

Criterion .
Parameter Value (for tolerances 95-105 %), n = 9 Conclusions
Linearity
b 0.9887 - -
Sp 0.0159 - -
1) <1.8946-s, =3.0389;
a 1.3516 2) if not performed 1), then <2.6 Corresponds
Sa 1.6040 - -
S, 0.6161 <max Sq=0.84 % Corresponds
r 0.9991 >0.998 Corresponds
Correctness
average Z % 100.24 - —
1) <0.40;
systematic error, 6 % 0.24 | 2) if not performed 1), then Corresponds
<max J %=0.51
Precision
relative standard deviation, Sz % 0.6484 — —
relative confidence interval Az %=t(95 %,8)*Sz 1.2057 < maxAas, %=1.60 Corresponds
125 -
—_ ﬁg i y=0.9887x+1.3516
110 R=1
2 105 -
D i
S
e
g 90 -
£ 85 -
80 -
75 . . . . . . .

75 80 85 90 95

100 105 110 115 120 125

Found, %, Xi

Fig. 7. Graph of the dependence of the analytical signal on the concentration of the model solution Enalapril

The technique is characterized by linearity, accu-
racy and precision and can be used to quantify enalapril
maleate in a combined dosage form.

Research of validation parameters for Hydro-
chlorothiazide assay method. Confirmation of the pos-
sibility of using analytical methods to determine the
quantitative content of hydrochlorothiazide requires the
study of validation characteristics in full.

Initially, the stability of the solutions over time
and the resistance of the analytical procedure to minor
changes in accordance with SPhU/EP were determined.
The stability of the solutions was studied for 48 hours.

The “found/introduced” ratio was calculated by
the formula:

S .
St, % = ?-100 %;

0
where S; ; — the area of hydrochlorothiazide, calculated

from the chromatogram of the i-th solution, analyzed
after a certain period of time; S;, — the area of hydrochlo-

rothiazide, calculated from the chromatogram of the i-th
solution analyzed at the beginning of the study.

The results obtained at these intervals were com-
pared with the test results at 0 point. The solutions are
stable for 48 hours, as the deviation from 100 % of the
ratio “found/introduced” is insignificant and is not more
than maxAas 0.51 % (Table 6).

To study the resistance of the analytical method to
minor changes, possible changes in the chromatographic
system were modelled in accordance with the require-
ments of the SPhU/EP, 2.2.46. To evaluate this parame-
ter under changed conditions, comparison solutions were
chromatographed and the suitability of the chromato-
graphic system was determined [21, 22].

Parameters that changed during the study of ro-
bustness:

1) the flow rate of the mobile phase: £10 % or
0.1 ml/min;

2) change in the amount of the minor component
of the mobile phase (acetonitrile for chromatography R)
by 2 % in absolute units;
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3) changes in the temperature of the chromato-
graphic column £5 °C.

The results of determining the suitability of the
chromatographic system under changed conditions are
presented in Table 7.

Based on the obtained values (Table 7), it can be
concluded that the method is resistant to minor changes
in chromatographic parameters, and can be used to quan-
tify hydrochlorothiazide.

The total uncertainty of the method was estimated
in accordance with the requirements of SPhU [20, 22]

and found that the uncertainty of the method is 0.48 %
and is insignificant, because the inequality is maintained:
0.48 % < maxAas=0.51 %. It was found that the suitabil-
ity of the chromatographic system is maintained
(Table 8).

To confirm the specificity of the analytical meth-
od, the absence of interfering peaks was determined on
the chromatograms of the control solution, enalapril
maleate comparison solution and test solution, the reten-
tion times of which would coincide with the retention
times of the main hydrochlorothiazide peak (Fig. 8-11).

Table 6
The results of the study of the stability of the test solution and the comparison solution
Comparison solution
Parameter Oh 1lh 4h 8h 24 h 48 h
Area 2531623 2534902 2534692 2533865 2527223 2533819
Found / entered - 100.13 100.12 100.09 99.83 100.09
Deviation from 100 % — 0.13 0.12 0.09 0.17 0.09
Criterion 0.51
Test solution

Parameter Oh 1lh 4h 8h 24 h 48 h
Area 2536150 2535397 2536700 2536005 2536095 2536804
Found / entered — 99.97 100.02 99.99 100.00 100.03
Deviation from 100 % — 0.03 0.02 0.01 0.00 0.03
Criterion 0.51

Table 7

The results of the study of the resistance of the method to minor changes in the determination of hydrochlorothiazide

Retention time of ‘s Symmetry of hydrochlo-
Parameter hydrochlorothiazide Column efficiency : rothi)z;zide)éeak Conclusion
peak, min Not less than 1000 Not more than 2.0
Initial conditions 10.400 12530 1.027 Corresponds
The flow rate is 1.1 ml/min 11.302 12774 1.044 Corresponds
The flow rate is 1.3 ml/min 9.652 11586 1.064 Corresponds
The composition of the
mobile pﬁase 2 Yo, 10.257 11794 1.087 Corresponds
The composition of the
mobile pﬁase 7 10.703 11687 1.086 Corresponds
Column temperature 25 °C 11.948 11367 1.079 Corresponds
Column temperature 35 °C 9.178 12193 1.063 Corresponds
Table 8
Suitability of the chromatographic system
Parameter Value Criterion Conclusion
Column efficiency 11497 Not less than 1000 t. p. Corresponds
Symmetry of hydrochlorothiazide peak 1.1 No more than 2.0 Corresponds
RSD, % 0.013 for 5 injections — no more than 1.19 % Corresponds

TPDA Multi 1 310am, 1nm|

T T
0.0 2.5 5.0

T T T
7.5 10.0 12.5

Fig. 8. Chromatogram of the control solution
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were analyzed (Table 3). Three parallel chromatograms
were obtained for each solution, and the mean peak areas
were calculated to evaluate the results. The evaluation of
linearity parameters was performed in normalized coor-
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To assess the linearity, model solutions L1-L9

ble 9 and in Fig. 12.

nation of hydrochlorothiazide

dinates in accordance with the requirements of SPhU.
The results of the study of the parameters of linearity,
accuracy, convergence of the results of quantitative de-
termination of hydrochlorothiazide are presented in Ta-

Table 9

The results of determining the parameters of linearity, accuracy and convergence of the method of quantitative determi-

Parameter |  Value [  Criterion (for tolerances of 95-105%),n=9 [ Conclusion
Linearity
b 1.0094 - -
Sy 0.0089 — —
a 0.7119 1) <1.8946-s, =1.7067; Corresponds
2) if not performed 1), then <2.6
Sa 0.9008 — —
So 0.3460 <max S,=0.84 % Corresponds
r 0.9997 >0.9981 Corresponds
Accuracy
average Z % 100.22 - —
systematic error, 6 % 0,22 1) <0.23; Corresponds
2) if not performed 1), then <max § % = 0.51
Convergence
relative standard deviation, Sz % 0.3741 — -
relative confidence interval 0.6956 <maxdas, % = 1.60 Corresponds
Az %=t(95 %,8)*Sz
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Fig. 12. Graph of the dependence of the analytical signal on the concentration of the model solution
of hydrochlorothiazide

Therefore, the method is characterized by lineari-
ty, accuracy and convergence and can be used to quantify
hydrochlorothiazide in the presence of enalapril maleate.

The proposed methods were tested on three batch-
es of the combined drug Enalapril-H, which contains as

leate. The results of the determination of enalapril male-
ate are presented in Table 10, and hydrochlorothiazide in

Table 11.

The quantitative content of enalapril maleate
tablets Enalapril-H meet the requirements of the speci-

active substances hydrochlorothiazide and enalapril ma- fication.
Table 10
Quantitative determination of enalapril maleate in tablets Enalapril-H
. . Test solution
Parameter Comparison solution - - -
series 1 series 2 series 3
Sav 6066811 6234893 6055491 6122115
SD 156 2192 290 396
RSD, % 0.003 0.035 0.005 0.006
Assay — 5.056 4,957 4.980
Assay, av. — 4,998
aliquot, mg = 49.1 220 217.94 219.32
P, % = 100
Mgy, Mg = 220.43
Suitability of the chromatographic system
Parameter Value Criterion Conclusion
Column efficiency 1725 Not less than 700 t. p. Corresponds
Symmetry of enalapril peak 1.262 Not more than 3.5 Corresponds
RSD, % 0.003 for 2 — not more than 0.25 % Corresponds
Table 11
Quantitative determination of hydrochlorothiazide in Enalapril-H tablets
. . Test solution
Parameter Comparison solution - - -
series 1 series 2 series 3
Sav 2243742 2697643 2701505 2701655
SD 1184 1020 462 1235
RSD, % 0.053 0.038 0.017 0.046
Assay - 12.386 12.290 12.295
Assay, av. - 12.324
aliquot, mg = 50.8 108.7 | 109.7 | 109.66
P, % = 100
Mg, Mg = 220.43
Suitability of the chromatographic system
Parameter Value Criterion Conclusion
Column efficiency 8665 Not less than 1000 t. p. Corresponds
Symmetry of hydrochlorothiazide peak 1.037 Not more than 2.0 Corresponds
RSD, % 0.053 for 3 — not more than 0.67 %); Corresponds
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The quantitative content of hydrochlorothiazide
Enalapril-H meet the requirements of the specification.

5. Discussion of research results

When adapting the proposed existing chromato-
graphic method for the quantification of enalapril male-
ate in the combined drug, it is proposed to change the
temperature (column temperature 50 °C), previous stud-
ies were performed at 65 °C [11, 15].

To unify the quantification of hydrochlorothiazide
in the combination drug, a chromatographic system with
similar parameters as for the determination of enalapril
maleate was selected. The procedure was modified ac-
cording to the following parameters: change of sample
preparation conditions, use of one chromatographic col-
umn for determination of two substances (column of
chromatographic size 250 mmx4.6 mm, which is used
for quantitative determination of enalapril maleate) and
reduction of flow rate to 1.2 ml/min. According to the
US Pharmacopoeia monograph, determinations were
performed using different columns and the mobile phase
velocity was 2.5 ml/min [11]. Improving the methodolo-
gy reduces the time and cost of control, reducing harmful
emissions by reducing the volume of mobile phases,
while increasing the sensitivity of the method and the
ability to determine the combination in different propor-
tions. The proposed changes required full validation.

Both methods are quite specific, enalapril and hy-
drochlorothiazide analytes do not affect the determina-
tion of each other. During the verification of the method-
ology, the studied validation characteristics of linearity,
correctness and convergence indicate the correctness of
the proposed changes.

The method of quantitative determination of hy-
drochlorothiazide is characterized by linearity, accuracy

and convergence of results, resistant to minor changes in
chromatographic conditions. The stability of the test
solution and the comparison solution was proved within
48 hours. Uncertainty of sample preparation and general
uncertainty of the method is insignificant.

Approbation of analytical methods on three com-
mercial batches of the combined drug confirms the re-
producibility of the method and the correctness of the
obtained results.

Study limitations. The proposed methods for the
quantification of enalapril maleate and hydrochlorothia-
zide in combination have not been studied to determine
API data in the presence of other drugs.

Prospects for further research. The proposed
conditions for the quantification of hydrochlorothia-
zide will be used for the analysis of combination drugs
from the group of angiotensin-converting enzyme
inhibitors.

6. Conclusions

It is proposed to improve the method of quantita-
tive determination of enalapril maleate and hydrochloro-
thiazide in combined tablets in different portions by
liquid chromatography. The parameters of the chromato-
graphic separation techniques in comparison with the
original methods help to reduce the cost of control, re-
duce the amount of harmful emissions and increase the
life of the chromatographic column. The studied valida-
tion characteristics confirm the possibility of using the
proposed technique for pharmaceutical analysis of anti-
hypertensive combination drug.
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